Background: Various imaging modalities are used to identify and characterize cardiac masses. While echocardiography remains the preferred imaging modality to evaluate cardiac masses, computed tomography (CT), magnetic resonance imaging (MRI), and
C
ardiac mass lesions are classified as neoplastic or nonneoplastic lesions. Neoplastic lesions are further divided into primary benign, primary malignant, and metastatic lesions (1) . The autopsy incidence of primary cardiac malignant lesions is 0. 0017 to 0. 33% (1) (2) (3) (4) . Among primary cardiac tumors, 75% of primary cardiac lesions are benign and remaining 25% are malignant (5) . The most common primary benign cardiac mass are cardiac myxomas, which account for 50% of all primary cardiac lesions (5) . Metastatic cardiac lesions are more common than primary malignant lesions in adult populations (6) and are found in 10-12% of cancer patients based on autopsy results (7) (8) (9) .
Non-neoplastic lesions, such as thrombi, are also found in the cardiac cavity. In recent years, the early diagnosis of cardiac masses has been possible using advanced diagnostic technology such as echocardiography, computed tomography (CT), magnetic resonance imaging (MRI), and 18 Ffluorodeoxyglucose positron emission tomography ( 18 F-FDG PET). Table 1 summarized the typical characteristics of cardiac masses in each modality. Different treatment strategies are employed for primary cardiac mass and metastatic lesions.
Differentiating between these two conditions may contribute the treatment strategy of these patients. Therapy for benign primary cardiac tumors is surgical resection, which provides excellent long-term survival for most patients, particularly those undergoing complete resection (10, 11) . In contrast, systemic chemotherapy applies in patients with cardiac metastases. Some patients have surgical resection, or palliative care (12) (13) (14) (15) . Although it is important to distinguish between primary cardiac and metastatic cardiac masses, currently there are limited diagnostic approaches (16, 17) . Life threating complications, include arrhythmia and embolism, in patients having cardiac mass be fatal. Therefore, an accurate diagnosis and treatment strategy are important. In this regard the purpose of the present study was to evaluate the diagnostic utility of non-invasive cardiac imaging for differentiating primary cardiac tumors, from metastatic lesions, or non-tumorous lesions.
Materials and methods

Study population
A retrospective review was conducted on 22 cardiac mass lesions in 20 patients (11 females and 9 males, mean age; 62.4 years old) assessed by non-invasive imaging (at least one of CT, MRI, or 18 
F-FDG PET/CT) between December 2005 and
March 2017 at Tokushima University Hospital. These patients underwent cardiac imaging for the evaluation of cardiac masses, and a total of 22 cardiac mass lesions were examined for this study.
The definition of a cardiac mass included intracavity, 
Diagnostic imaging parameters
The size, location, existence of calcification, and morphology of the base portion (pedunculated, sessile, or multi-legged) of cardiac lesions by CT were summarized. Signals by T1-weighted imaging (T1WI) and T2WI, mobility by cine imaging, and contrast enhancement by MRI were also summarized. Uptake by each cardiac lesion using 18 F-FDG PET/CT was also evaluated.
Data acquisition
Cardiac CT
The patients underwent a CT scan using a 16-slice MDCT scanner (Aquilion 16; Toshiba Medical Systems, Otawara, Japan) or 320-slice MDCT scanner (Aquilion ONE; Toshiba Medical System, Otawara, Japan). CT scanning parameters were as follows: 120 kV with the tube current automatically set by the exposure control system and a 0. 5-second tube rotation time. Iodinated contrast material was intravenously injected using an automatic power injector. CT was performed without ECG synchronism, except for one lesion (13, 18) .
Cardiac MRI
Cardiac MRI was performed using a 1.5-Tesla MRI scanner (SIGNA EXICE 1.5T; GE Medical Systems, Milwaukee, WI, USA) with electrocardiography triggering and an 8-channel cardiac coil. MRI scan included T1 black-blood fast spin echo images in the short axis, and T2 black-blood with fatsuppressed fast spin echo images in the short and long axes.
Cine MR sequences (FIESTA) in the short axis, in the long axis, and in the four-chamber view were also obtained. After the injection of gadolinium-based contrast agent, we obtained post-contrast T1 black-blood fast spin echo images through the center of the cardiac mass (12, 19) . 18 F-FDG PET/CT 18 F-FDG was synthesized with the nucleophilic substitution method using an FDG-synthesizing instrument (F100, Sumitomo Heavy Industries, Ltd., Tokyo, Japan) and a cyclotron (CYPRIS, Sumitomo Heavy Industries, Ltd., Tokyo, Japan) at our institution. Patients fasted for at least 6 hours and blood glucose levels were evaluated prior to FDG administration. In the case of a blood glucose level <140 mg/dl, patients received an intravenous administration of 3.7 MBq/kg of existence or absence of contrast enhancement after the gadolinium injection, and 4: mobility by cine imaging (19, (24) (25) (26) . Representative images of mobility or non-mobility by cine imaging are shown in Fig. 2 . referencing CT images. However, we did not include LV physiological myocardial uptake or physiological uptake on the liver parenchyma (27, 28) . Findings obtained by wholebody PET/CT were also evaluated.
Statistical analysis
Parameters were expressed in terms of the mean±standard deviation (SD Table 3 shows the diagnosis and imaging findings of cardiac mass lesions. The diagnoses of cardiac masses were as follows: 5 cardiac myxomas (Fig. 3) , 5 papillary fibroelastomas (Fig. 4) , 5 metastases (Fig. 5), 3 thrombi (Fig. 6) 
Results
Patient background
Types of cardiac mass lesions (malignant and benign lesions)
Cardiac imaging data
Contrast-enhanced CT (CECT) was performed on 18
lesions. Plain CT alone was employed for 3 lesions, and the low-dose CT of 18 F-FDG PET/CT without a conventional CT examination was performed on 1 lesion. MRI was conducted on 6 lesions. 18 F-FDG PET/CT was performed on 4 lesions.
CT Findings
Two lesions showed calcification on the cardiac mass Otomi Otomi One thrombus located to the left atrium, and the other was attached to the apex of the LV.
MRI findings
All lesions (3 metastases, 1 malignant lymphoma, and 2 cardiac myxomas) showed iso-intensity on T1WI and showed hyper-intensity on T2WI. All lesions (3 metastases, 1 malignant lymphoma, and 1 cardiac myxoma) showed positive contrast enhancement after the intravenous gadolinium injection. Four malignant tumors (3 metastases and 1 malignant lymphoma) showed no mobility, while 2 cardiac myxomas showed mobility by cine imaging (0/4 (0%) vs. 2/2 (100%) p=0.0667) (Fig. 9 ).
F-FDG PET/CT findings
Among the four patients who underwent 18 F-FDG PET/CT, Otomi et al.
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Ann Nucl Cardiol 2018；4（1） ：23-33 -28 - A nodular lesion was attached to the right atrium free wall (arrows), and had iso-intensity on T1-weighted imaging, hyper-intensity on fatsuppressed T2-weighted imaging, enhancement by T1-weighted imaging after gadolinium, no mobility by cine imaging, and a high FDG uptake by PET/CT (SUVmax 5.6). Fig. 9 Comparison of the mobility of malignant tumors and cardiac myxomas on cine MRI. None of the malignant tumors (3 metastases and 1 malignant lymphoma) exhibited mobility, whereas two cardiac myxomas had mobility by cine imaging (p=0.0667).
aortic or mitral valves (30) . The present results on the locations of cardiac masses are consistent with previous findings (21, 23) . In contrast, cardiac metastases located in several different areas (the left ventricle, left atrium, right ventricle, pericardium, and septum) in the present study. The most common site of cardiac involvement of metastases is the pericardium (9) . Metastases to the myocardium may occur in any cardiac chamber (22) .
The morphology of the base portion may also be useful for diagnosing the type of cardiac mass lesion. All five cardiac myxomas had a pedunculated base portion, as did all five papillary fibroelastomas. Cardiac myxomas and papillary fibroelastomas have a pedunculated base portion, whereas cardiac myxomas typically have a particularly narrow pedicle (20, 23) . All three metastases located in the cardiac cavity had a sessile base portion. A significant difference was observed in the morphology of the base portion between primary cardiac tumors (cardiac myxomas and papillary fibroelastomas) and metastases. The difference in the base portion was particularly useful for differentiating between these two groups.
Vegetation also had a sessile base portion. In previous studies, a vegetation length >10 mm, pedunculated, and mobility were predictors for the embolism (31, 32) . A differential diagnosis for vegetation generally requires differentiation between a thrombus and fibroelastoma (33) .
However, as in our study, vegetation had a sessile base portion and the patient had cancer. There are difficulties associated with differentiating between vegetation and metastases because the base portion is similar. The two thrombi showed the characteristic morphology of a multi-legged base portion, which is a finding suggestive of a thrombus. A thrombus is one of the most common cardiac masses and is typically found in the left atrium (19) . The attachment portion may be broadbased with little-to-no motion on cine MRI images. However, a thrombus may occasionally be pedunculated, mimicking a myxoma (22) . In the present study, a thrombus showed the atypical, but characteristic morphological feature of a multilegged base portion.
CT is useful for the detection of calcification. Calcification was observed in two benign lesions (1 cardiac myxoma and 1 thrombus). The maximum CT number of the calcified parts in cardiac myxoma was 1111 HU, and that in the thrombus was 154 HU. Previous studies reported calcification in approximately 14% of cardiac myxomas and it was more frequent in right-sided myxomas (29, 34, 35) . Since whole-body images may be easily obtained using 18 F-FDG PET/CT, the examinations may reveal that important findings of various sites other than the heart. The acquisition of a whole-body image allows us to confirm that there is no metastatic lesion other than cardiac metastasis or identify completely different diseases such as a compression fracture of the lumbar vertebrae. 18 F-FDG PET/CT has the advantage of allowing the whole body to be assessed.
Limitations
The present study has several limitations. This study was performed at a single institution and relatively few cases were evaluated. Furthermore, bias due to inconsistencies in the diagnostic procedures employed through a retrospective study cannot be completely eliminated. This study was a retrospective study that included cardiac masses detected by echocardiography, and metastatic tumors, malignant lymphoma, and lesions different from the original disease found by chance during the whole-body evaluation of these tumors. MRI was performed when internal properties needed to be evaluated, while cine MRI or echocardiography was employed in order to confirm the morphology of the base portion and mobility of cardiac lesions. Since the imaging modality considered to be the most useful for cardiac lesions in each case was performed, the modality was not unified. The imaging modality employed varied among patients, and MRI and 18 F-FDG PET/CT were performed on a small number of cases. Another limitation is that 18 F-FDG-PET/CT was performed with routine preparation for oncology PET, but without special preparatory steps such as long-term fasting and a low-carbohydrate diet to reduce physiological left ventricle FDG uptake, which is known to affect the evaluation of uptake by cardiac mass lesions.
Although all cardiac mass lesions were located in places other than the left ventricle, physiological uptake may mask cardiac and pericardial lesions and make it difficult to differentiate whether focal uptake is abnormal. In addition, CECT was not performed on all lesions. Conventional CECT was performed on most cases, while CT with electrocardiographic gating, which minimizes motion-related artifacts and provides cineimaging and high-quality images with superior spatial resolution, was employed for a few cases. Moreover, not all cardiac mass lesions were histologically confirmed; however, 7 out of 22 cardiac lesions (5 metastases, 1 malignant lymphoma, and 1 thrombus) were clinically diagnosed.
Conclusions
Two characteristics such as the morphology of the base portion on CT images and mobility by cine MRI are useful for 
